THE RELATIONSHIPS OF THE QUOKKA
(SETONIX BRACHYURUS)

By G. B. SHARMAN, Department of Zoology, University of
Western Australia.

INTRODUCTION
'The maeropod marsupial genus Setonix is represented by the
single speeles Setoniz brachyurus (Quoy and Gaimard) — the

Quokka ot South-western Australia. The relationsnips ot Setoniz
are rather obseure and authorities have not reaehed general
agreement as to its phylogenetie position. It is not, however,
intended, in this paper, to assess the relative merits of the eon-
clusions drawn by earlier workers but rather to put torward some
new evidenee based on eharaeters not hitherto considered. Museum
colleetions of mammals are often limited to skins and skeletal
material, the internal organs being disearded. Consequently phylo-

genetie studies are usually based only on dentition, foot strueture
or other external eharaeters.

These are, however, subjeet to some
limitations.

Thus the Bandicoots (Peramelidae) show a polypro-
todont dental eondition allying them to the earnivorous Native
Cats and Wambengers (Dasyuridae), but have the same syndaety-
lous foot arrangement as the herbivorous maruspials. The denti-
tion of Setonixz elosely resembles that of the Tree Kangarocs
(Dendrolagus) but the similarities may merely refleet similar
feeding habits in taxonomieally widely separated genera.

It has been shown in many groups ol organisms, that the
chromosome number is a relatively stable eharaeter whieh provides
a reliable guide to the relationships of the various speeies. A list
of known ehromosome numbers in marsupials has been published
(Sharman and Barber, 1953) and reference to this (with some
additional unpublished data) indieates the ehromosome number to
be a relatively stable eharaeter. Thus assemblages of marsupials
charaeterised by the same ehromosome number inelude the
Ameriean Didelphidae (with a diploid number of 22 ehromosomes),
the Dasyuridae (14 ehromosomes) and the Peramelidae whieh also
have 14 chromosomes but whieh differ from the Dasyuridae in the
morphology of the sex ehromosomes. Within the Australian
Possums (Phalangeridae) and Kangaroos (Maeropodidae) various
ehromosome numbers are found but eertain groups of speeies are
charaeterised by a eonstant number. Some members of these latter
families have 22 ehromosomes, like the Didelphidae, but this Ameri-
ean group differs from all Australian speeies so far studied in having
all rod-shaped ehromosomes (i.e. with subterminal eentromeres).

The danger of attaehing great phyletie importanee to tooth
and foot strueture whieh are readily suseeptible to modifieations
assoeiated with habitat, has been stressed by various authorities
(e.g. Gregory, 1910). Gregory econsiders the urogenital system,
brain and skull present more reliable evidence of phyletie relation-
ships. Pearson (1945 and later papers) has emphasised the
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stability of the urogenital system and its importance as a guide to
the relationships within thc marsupials. In this paper I have
attempted to assess the relationships of Setonix by a comparison

of its chromosome number and urogecnital system with those of
related spccies.

Benslcy (1903) showed that Setonix resembled Dendrolagus in
the charaeters of the ineisors, molars and sectorial premolars. He
considcred, however, that the small size, eomplete absenec ol
caninc teeth, terrestrial character of the pes, and distribution of
Setonizx removed it from closc rclationship to Dendrolagus. He
concluded Setonix to be a member of *‘the Small Wallaby seetion
of genus Mucropus whieh has assumed feeding habits similar to
those of the tree-living Dendrolagus.” Bensley followed Thomas
(1888) in dividing the genus Macropus into small wallabics, large
wallabies and kangaroos. Although the Kangaroos (Muacropus }
and Wallabies (now usually clevated to gencric level as Protem-
nodon (=Wallabia) are homogencous groups the small wallaby
section is not. Thomas ineluded here eugenii (the Tammar of S, W,
Australia) and the allied speeies purma now shown, in spite of

their small size, to belong to Protemmnodon (Raven and Gregory,
1946; Tate, 1948).

Wood Jones (1924) followed Bensley in dividing the larger
macropod marsupials into brachyodont und hypsodont series. This
author docs not, however, acknowledge the possibility of eon-
vergence in the tecth patterns and plaees Setoniz togcther with
Dendrolagus and Dorcopsis in his classification. Raven and Gregory
{1946) note the eonvergent rescmblanees between Setoniz and the
Rat Kangaroos but state that its ncarest relatives belong, g
Thylogale, whieb genus they include in the brachyodont seetion
with the Quokka and thc Tree Kangaroos. Tate (1948), however,
docs not agrce with any of the above authors and regards Setoniy
as a derivative of Protemnodon, probably of the P, eugcnii group.
This author, diseussing Wood Jones' placing of Setonixz in the
brachyodont section as opposed to thc hypsodont section, states
that he is unable to appreeiate this distinetion in practiec.

Systematie works on thc maeropod marsupials are numeroys
and no complete agrcement has yet been reached with regard to
the delimitation of genera. There appears to bc no justifieation
for the extrcmec splitting of Iredale and Troughton (1934) who
have divided the genus Macropus, as Bensley (1903) understood iy,

into no less than five genera. In this paper I have followed tlie
classification of Simpson (1945).

THE DISTRIBUTION OF SETONIX BRACHYURUS

Setoniz brachyurus was oncc widcly distributed in the Soutl-
west of Western Australia (Shortridge, 1909). Today it appears
to be common only on Rottnest and Bald Islands although isolated
ecolonies exist in some mainland areas. Early in 1954 a skull of
Setonixz was brought from Toolbrunup in the Stirling Ranges by a
member of this department. Other naturalists (W.A. Nai., vol. 4,
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1954, pp. 128-141) have reported seeing speeimens and the positive
identitication of these animals would be of interest with regard to
establishing the present distribution of Setoniz. White (1952) has
discussed the status and past abundance of the Quokka in S.W.
Australia.

When Bald and Rottnest Island animals arc seen side by side
in eaptivity ecertain dilferences arc apparent. The Bald Island
animals appear to have a thinner and shorter tail and a slightly
diffecrent shaped head when compared to Rottnest animals.
Measurements of head and body and tail length, however, [ail to
show any constant differenees in body proportions. No ecolour
Zilferences are apparent but the fur of the Bald Island animals
appears to be softer than in animals irom Rottnest.

When the skulls of (ully grown Bald and Rotinest Island
animals are compared there are, in the smail sample available [or
study, some dilferences which appear constant (Fig. 1, Table 1).
In six Bald Island skulls (1 4, 5 unknown sex) examined the
maxilla is between 2.7 and 3.1 times the length of the premaxilla
with a mean of 2.9. In twelve Rotinest skulls (2 &, 10 9) the
proportions ol length of premaxilla to length of maxilla vary from
2.0 to 2.6 (mean 2.2). Through the courtesy of Mr. L. Glauert,
Curator of the W.A, Muscum, 1 have examined skulls of 5 main-
land specimens (2 4, 2 ¢, 1 unknown sex). One other mainland
specimen of unknown sex has also been examined. These speci-
mens have been eolleeted at various mainland loealities and thc
proportions of the lenglhs of maxillary bones vary between 1:2.2
and 1:2.7 (mean 1:24). From thesc figures it could, perhaps,
ke coneluded that the mainland population 1s intermediate between

Fig. 1.—A comparison of the anterior skull region in an
animal from Bald Island (A) and an animal [romi Rottnest (B).
Note the short premaxilla (P.M.) in the Bald Island skull compared
to the same bone in the Rotinest skull. The lengths of maxilla

(MX.,) and premaxilla were measured along the dotted lines showr.
in A, Both figures x 1.

TABLE 1—LEN

GTHS OF MAXILLA AND PREMAXILLA IN SETONIX

Mean Mean Length

No. of length length __maxilla

skulls of of Length

Locality measured maxllla premaxllla  premaxllla
Bald Island . . .. . 6 18.5 mm, 6.3 mm., 2.9
Malnland, S.W. Aus. . 6 17.2 172 ,, 2.4
Rottnest Island ... .. 12 6.1, 73 ., 2.2
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the two island populations, with regard to this eharaeter, but the
sample is small and by no means representative eonsidering the
previous wide distribution of Setonix. Alternatively, when a large
series is measured, it may be found that the whole population
of Setonixz ean be eonsidered as a eline with the Rottnest and Bald
Island animals near the extremes. It is proposed to examine
further material and prepare a full taxonomie analysis later.

THE CHROMOSOME NUMBER

Drummond (1933) showed the Quokka to have 22 ehromosomes
and this has been eonfirmed on material from both Bald and
Rottnest Islands (Fig. 2A). The sex ehromosomes (X and Y) are
among the smallest of the set and the majority of the autosomes
have near terminal eentromeres. The Tasmanian Pademelon
(Thylogale billardierii) also has 22 ehromosomes (Melntosh and

Sharman, 1953) and these appear morphologieally similar to the
ehromosomes of Setonix.

N2 \n“L"‘/

:-slo( ’ XL.Y —d

71 ')'v‘ e

Fig. 2—The ehromosomes of Setonixz brachyurus, 2 N = 22 (A)
and Protemnodon cugenii, 2 N = 16 (B). X and Y denote the sex

ehromosomes. Both figures drawn from male spermatogonial
mitoses (x 2,250}).

The chromosome number in the Tammar (Protcinodon
cugenii) is 16 (Fig. 2B). The Sandy Wallaby (P. ugilis) and the
Brush (P. irma) also have 16 ehromosomes as have P. clegans
(Matthey, 1934) and the Red-neeked Wallaby (P. rufogrisea)
(Melntosh and Sharman, 1953). The findings of Raven and Gregory
(1946) and Tate (1948) who removed cugenii from Thylogale to
Protemnodon are thus eonfirmed on eytological grounds. Troughton
(1954) follows Iredale and Troughton (1934) in plaeing cugenii in
the genus Thylogale. For this there ean be no justifieation unless

the size of the animal is regarded as being of prime importanee in
determining its relationships.

The derivation of Setonix from the P. eugenii group as sug-
gested by Tate (1948) does not appear likely when the ehromosome
numbers are eonsidered. Cytologieal evidenee makes it far more
likely that Raven and Gregory (1946) eorreetly stated the relation-
ships of Setonix when they emphasised its resemblanees
Thylogale. Of the Maeropodinae studied eytologieally only
T. billardierii and Setoniz have 22 ehromosomes, nine other speeies
have less than 22. Two of the four Phalangeridae whose eytology
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is known have 22 chromosomes and this, perhaps, indieates that
Thylogale and Setonix are eloser to the Phalangers than are the
remaining present-day Maeropodinae.

THE FEMALE UROGENITAL SYSTEM

The anatomy ol the urogenital system in the female marsupial
differs fundamentally from the plan found in the higher (eutherian)
mammals. In the marsupials the ureters pass between the
embryonie Mullerian duets (Fig. 3A) which later in life beeome
specialised as oviduets, uteri and vaginae. In the eutherian mam-
mals the ureters pass outside the Mullerian ducts whieh become
fused in the vaginal region to form a single strueturc. The fusion
of the lateral vaginae of marsupials into a ecommon strueture is
impossible owing to the position of the ureters, but in spite of this
primary obstaele a median vaginal strueture has becen developed.
This has been aehieved by the elongation and development of the
anterior vaginal euls-de-sae (Fig. 3A). At birth the embryo passes
irom the culs-de-sae through the intervening tissue direetly to the
urogenital sinus, the passage thus opened, lying between the
ureters, being ealled the pseudo-vaginal eanal. The distanee
separating the lower end of the euls-de-sae from the urogenital
sinus (the pscudo-vaginal gap) is variable, being greater in the
more primitive marsupials. In Setonix, and probably in all other
macropod marsupials, the pseudo-vaginal eanal' remains perman-
ently open after the first parturition.

The urogenital system of Setoniz has previously been des-
eribed (Waring et «l.,, 1955). The lollowing description only deals
with those parts of the vaginal eomplex whieh are eompared with
like struetures in the Commion Possum (Trichosurus vulpeenlo)
and the Tammar (Protemnodon eugenii). The vaginal struetures
ef the three speeies are shown in diagram form in Fig 3. The

diagrams represent the oestrous eondition as fcund in parous
females.

Anterior vaginal canals. In Protemnodon eugenii and in other
kangaroo-like muarsupials (Pearson 1950), the anterior vaginal
canals become enormously hypertrophied at oestrus and serve as
duets for the reeeption of spermatozoa. In the oestrous speeimen
deseribed here (Fig. 3C) the anterior vaginal eanals are of several
hundred times greater diameter than at other phases of the
oestrous eyele and are entirely filled with seminal fluid. In the
oestrous Triehosurus (Fig. 3B) the anterior vaginal eanals, though
large are not as hypertrophied as in Protemnodon.
Setonix (Fig. 3D) they remain of small diameter.

Vaginal euls-de-sac. In all threc speeies the euls-de-sae are
distended and eontain abundant seminal fluid. Those of Tricho-
surus are larger than in either of the above speeies and from them
a large swollen diverticulum full of spermatozoa projeets in a
ventral direetion so that a longitudinal seetion (Fig. 3B) inade-
quately illustrates the aetual condition. Setonix and Protemnodon
show similar degrees of enlargement of the euls-de-sac. Two of
the three speeimens of Triehosurus examined were parous but an
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~xaminat.on of thesc revcaled a closed median vaginal canal
(Fig. 3B). Trichosurus thus differs from another phalanger, tne
Honey Mouse (Tarsipes), in which the pseudo-vaginal canal
rcmains open after parturition (de Bavay, 1951).

Lateral vaginal canals. In all thrce species these have thick
muscular walls, Thosc of Sctoniz and Trichosurus share one com-
mon featurc not found in P. ¢ugenii in that a short blind diverti-
culum (Fig. 3, V.W.D.) is present. This is probably the caudal
remnant of the Wolfliian duct which occurs as a constant feature
in the lateral vaginae of many dasyurids (Pearson and de Bavay,
1953). de Bavay (1951) has described the reproductive system
of an adult Tarsipcs in which the embryonic Wolffian duct has
been rectained. de Bavay considers the spceimen to have been
abnormal, and this appecars likely since other specimens do net
show a similar condition. No trace can be found of this remnant
in Protcmnodon nor have T been able to confirm its prescnee in

the vaginal complex of any adult macropod other than Setonix,
where it is always present.

Anterior vaginal expansion. Setonix appears unique amongst
the Macropodinac in possessing an anterior vaginal cxpansion. It
is not known whether this structure is homologous with the
structures of thc same name described by Pearson (1945) in the
Rat Kangaroos (Waring et «l.,, 1955). Spermatozoa are found in
the anterior vaginal expansion following copulation.

LEGEND TO FIG. 3

A.~Hypothetical primitive vaginal condition in marsupials,
dorsal view. Anterior vaginal canals not fuscd and showing little
development of the culs-dc-sac. The urcters pass over the anterior
vaginal canals and bctween the lateral vaginal canals before join-
ing the bladder, which lics in a ventral position,

B.—Vaginal complex of Trichiosurus vulpecula drawn from a
parous specimen in oecstrus. Note the large median vaginal
culs-de-sac and vestigial Wolflian duct. Sagittal scction (x 23).

C.—Vaginal complex of Protemnodon cugcnii drawn from a
parous specimen in ocstrus and showing the greatly hypcrtrophicd
anterior vaginal canals. Sagittal scction (x 1).

D.—Vaginal complex of Sctoniz brachypurus drawn from ‘a
parous specimcn in ocstrus. Note the enlarged median vaginal
culs-de-sac, vestigial Wolflian duct and rcsemblanee to the vaginal
complex of Trichosurus vulpecula. Sagittal section (x 23)

AV.C. . . anterior vaginal canal.

AV.E. . .. anterior vaginal cxpansion.

BL. .. . . bladder.

LV.C. .. . lateral vaginal canal.

MV.C. . . median vaginal culs-de-sac.

0s.U. . position of os uterus.

U.0. ... . position of opening of bladder into urogcnital sinus.
U.G.S. urogcenital sinus,

UR. ... ... ... ureter.

VWD, . . vestigial Wolffian duct.
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DISCUSSION

Previous authorities have not found agreement as to the
phyletic position of the genus Setonixz. This study supports the
conclusions of Raven and Gregory who believe the closest relatives
of Setoniz are to be found in the genus Thylogale.. The affinities,
as shown by the chromosomec number, definitely support this
hypothesis. I believe, however, that even more interesting evidence
of relationships is shown by the morphology of the vaginal com-
plex. A relatively primitive state is scen in Setonixz where the
anterior vaginal canals do not show the specialiscd condition found
in Protemnodon and many cother macropods. I have not had
available for study a reproductive system from an oestrous
Thylogale, but through the courtesy of Dr. J. Pearson, then
director of the Tasmanian Museum, I have carricd out a brief
examination of one of his specimens of the Tasmanian
Pademelon (T. billardierii), taken shortly after copulation. The
anterior vaginal canals show the same specialised condition as is
found in the Tammar (Protemnodon eugenii). Pearson (1946) has
described the reproductive system of Thylogale billardierii but
does not rccord the presence of vestigial Wolffian ducts in this
species. A re-examination to find whether these are present would
be of interest. It is however suflicicnt, for the purpose of this
paper, to record the similarities between the vaginal complex
of Setonixz and the phalanger Trichoswrus vulpecula. Adults of
both have a vestizial Wolffian duct and in both the main region
used for the reception of spermatozoa, by the ocstrous female, is
the median vaginal euls-de-sac. It is generally conceded that the
Macropodidac rose from phalanger-like ancestors and thc presence
of these phalangerine characters in the reproductive system of
Setonixz indicate that, in spite of some specialised characters (e.g.
dentition), this genus must be regarded as rather close to the stem
from which the remaining kangaroo-like marsupials arose. It is
here unneccssary to discuss the question as to which of the
macropod groups — Macropodinae and Potoroinae (Rat Kangaroos)
are the more primitive. Probably they are in a sensc parallel
groups sharing a phalanger-like ancestor. Pearson (1946, 1950}
in studies of four of the five living genera of Rat Kangaroos has
_ drawn attention to the specialised characters of their urogenital
systems which appcar to preclude this group as direct anccstors
of the Macropodinae.

It is concluded from this study that the nearest relatives of
Setoniz are probably to be found in the genus Thylogale. The
unspecialised nature of the reproductive system of Setonix and the
common features shared with the phalangers, however, indicate a
more primitive phylogenetic position than that of Thylogale. Thus
Setoniz may be considered to share common features with thc
stock from which Thylogale and hence the Kangaroos (Macropus)
and Wallabies (Protemnodon) arose. Thc relationship of Setonix
and Thylogale postulated hcre is not untenable on zoogeographic
grounds. Most S.W. Australian animals have their counterparts in
the fauna of Eastern Australia. An analysis of this type of
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distribution has been made for species-pairs of birds (Serventy,
1953). The Quokka antedates this distribution and represents a
more ancient fauna, the castern counterpart of which does not
exist. The Western Australian King Perrot (Purpurcicephalus)
(Serventy and Whittell, 1951, p. 39) may be taken as a repre-
scntative of this same distribution. Other clements in S.W. Aus-
tralia agree with this interpretation and may be taken as repre-
senting the truly autochthonian fauna (A. R. Main, ms.).

This study was made while the author held a research fellow-

ship financed by a grant from the Nuflield Foundation to whom
grateful acknowledgment is made.
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APPENDIX

MEASUREMENTS OF THE MAXILLARY IN A SERIES OF SKULLS OF
SETONIX BRACHYURUS
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Locality No. Sex KE fj' £ é 2
d 16.0 8.0 2.0
g 16.5 7.5 2.2
Q 16.0 7.0 2.3
? 16.0 7.5 2.1
@ 15.5 7.5 2.1
? 17.0 6.5 2.6
? 16.0 7.0 2.3
? 15.0 7.5 2.0
? 17.5 7.5 2.3
? 16.0 7.5 2.1
? 14.5 7.0 2.1
? 17.0 7.0 2.4
Mean. Rottnest Is. .. o 16.1 7.3 2.2
Mundaring Weir M1285 ? 17.0 7.5 2.2
Capel . e e . M1063 d 16.5 7.5 2.2
Karridale M1121 e 17.0 6.5 2.6
Toolbrunup ... ... JURURI 1 €<3110 ¢ 2 17.0 7.0 2.4
Big Grove, King George's Sound .. M518 d 15.5 7.0 2.2
? eovnots oo snesins e sy s M1869 K 20.0 7.5 2.7
Mean. Mainland .. .. oo o 17.2 7.2 2.4
Bald Is. 1 d 18.5 6.0 3.1
- 2 2 17.5 6.0 2.9
. 3 ? 19.0 6.5 2.9
. 4 7115 6.5 2.7
. 5 2 200 7.0 2.9
o e s .. 6 ? 18.5 6.0 3.1
Mean. Bald IS. . o e v o 18.5 6.3 2.9

168



